Background: Little is known about how differences in out of hospital cardiac arrest patient volume affect in-hospital myocardial infarction (MI) mortality.
Hypothesis: Hospitals accepting cardiac arrest transfers will have increased hospital MI mortality.
Methods: MI patients (ST elevation MI [STEMI] and non-ST elevation MI [NSTEMI]) in the
Acute Coronary Treatment Intervention Outcomes Network Registry were included. Hospital variation of cardiac arrest and temporal trend of the proportion of cardiac arrest MI patients were explored. Hospitals were divided into tertiles based on the proportion of cardiac arrest MI patients, and association between in-hospital mortality and hospital tertiles of cardiac arrest was compared using logistic regression adjusting for case mix.
Results: A total of 252 882 patients from 224 hospitals were included, of whom 9682 (3.8%) had cardiac arrest (1.6% of NSTEMI and 7.5% of STEMI patients). The proportion of MI patients who had cardiac arrest admitted to each hospital was relatively low (median 3.7% [25th, 75th percentiles: 3.0%, 4.5%]).with a range of 4.2% to 12.4% in the high-volume tertiles. Unadjusted in-hospital mortality increased with tertile: low 3.8%, intermediate 4.6%, and high 4.7% 
Conclusions:
The proportion of MI patients who have cardiac arrest is low. In-hospital mortality among all MI patients did not differ significantly between hospitals that had increased proportions of cardiac arrest MI patients. For most hospitals, overall MI mortality is unlikely to be adversely affected by treating cardiac arrest patients with MI.
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| INTRODUCTION
Out of hospital cardiac arrest associated with acute myocardial infarction (MI) occurs in 8% to 10% of acute MI patients. [1] [2] [3] Although there have been significant improvements in outcomes, patients with cardiac arrest continue to have a high-mortality despite aggressive treatment, including frequent use of urgent revascularization. [1] [2] [3] [4] [5] Risk-adjusted mortality after MI is considered an important quality metric that influences both value-based payments and quality rankings. Concern has been raised that conditions, such as cardiac arrest and cardiogenic shock cannot be adequately risk adjusted. [6] [7] [8] [9] Thus, it is possible that centers that receive a larger number of Out of Hospital cardiac arrest (OHCA) patients may see an increase in overall risk-adjusted MI mortality. Therefore, we investigated whether a higher cardiac arrest patient volume is associated with overall inhospital mortality in patients presenting with both non-ST elevation MI (NSTEMI) and STEMI, using data from the National Cardiovascular Data Registry (NCDR) Acute Coronary Treatment Intervention Outcomes Network Registry (ACTION Registry).
| METHODS
The ACTION Registry is a nationwide, ongoing, voluntary quality improvement registry sponsored by the American College of Cardiology (ACC) that focuses exclusively on patients with acute MI. Details of the design and conduct of the registry have been previously described. 10 In brief, the registry includes consecutive patients with a primary diagnosis of STEMI or NSTEMI, who have prolonged ischemic rest symptoms occurring within 24 hours before admission or up to 72 hours for STEMI; ischemic ECG changes associated with STEMI; or positive cardiac markers associated with NSTEMI within 24 hours after initial presentation.
Definitions for the data elements of the registry are available at: https://www.ncdr.com/webncdr/action/home/datacollection. The ACTION Registry also has a data quality program, including data abstraction training, data quality thresholds for inclusion, site data quality feedback reports, independent auditing, and data validation.
Auditing of data has demonstrated chart review agreement of >93% of collected variables.
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This registry was either approved by an institutional review board, or considered quality assurance data and not subject to institutional review board approval based on individual site determinations. major bleeding was defined as previously described. 12 Given that a majority of patients undergoing coronary bypass graft surgery (CABG)
receive blood transfusions related to the surgery, bleeding events were considered only if they occurred before CABG. An academic hospital was defined as membership in the council of teaching hospitals.
| Statistical analysis
Patient baseline characteristics, treatment pattern, and hospital characteristics were stratified by tertiles of hospital cardiac arrest proportions for the overall population and among cardiac arrest patients. In addition, in-hospital outcomes were reported for patients with and without cardiac arrest stratified by hospital cardiac arrest tertiles. Categorical variables were reported as percentages and continuous variables were reported as median (25th, 75th percentiles). χ 2 and
Kruskal-Wallis tests were used to compare categorical and continuous variables, respectively. To explore whether there was a temporal trend of the hospital proportion of cardiac arrest MI patients, median (25th, 75th percentiles) were presented across year of hospital arrival, where Kruskal-Wallis test was used to test the differences.
To investigate the relationship between hospital cardiac arrest tertiles and in-hospital mortality, a logistic generalized estimating equations regression with an exchangeable working correlation matrix to account for within-hospital clustering of outcome was used. 13 Although this working correlation structure assumes that hospitals are independent after adjusting for covariates, empirical SE estimates were used for inference, which provides robustness against possible misspecification of the correlation structure. Covariates in the model were from the previously validated and published ACTION Registry in-hospital mortality paper, 14 which included: age, sex, race, weight, heart failure, cardiogenic shock, systolic blood pressure, and heart rate at presentation, MI type (NSTEMI (Table 1) . When compared to high tertile hospitals, low tertile hospitals were significantly less likely to be academic and had fewer hospitals beds (Table 1) .
Patient characteristics for the overall cohort are shown in Table 2 .
Median patient age was approximately 64 years (25th, 75th percentiles: 55,75), of whom approximately two-third were male, almost three-quarters had hypertension, diabetes was present in a third, with prior PCI and prior MI in about one quarter. When compared across hospital tertiles, risk factors were fairly evenly distributed, with no clinically significant differences among tertiles. However, there was an increase in the proportion of patients who had STEMI by hospital volume tertile, from 33.9% in the low to 43.0% in the high tertile hospitals. Concomitant with the increase in STEMI patients was an increase in the proportion who had cardiogenic shock, from 3.0% to 5.1% from the low to the high tertile. Among patients with cardiac arrest, most characteristics across hospital tertiles were similar, other than cardiogenic shock, which was higher in the high tertile group (37.9% in the low volume tertile compared to 45.3% in the high-volume tertile) (Table S1 ).
The proportion of patients with STEMI who did not have contraindications who underwent primary PCI was similar in all patients and those with cardiac arrest (95.5%) ( Tables 2 and 3 ). There was no clinical difference in the proportion of cardiac arrest patients who had primary PCI from hospitals with low-to high-volume tertiles, which ranged from 96.2% to 95.3% (Table 3 ). The median door to balloon time in the cardiac arrest patients across hospital tertiles was similar.
Of the NSTEMI patients, 51.5% underwent revascularization, where 40.9% had PCI and 11.9% had CABG. The rate of revascularization among NSTEMI patients was higher in the low volume tertile (54.2%) compared to with middle (50.5%) and high-volume tertiles (50.9%) (Table S3 ).
Pharmacologic treatment within 24 hours of hospital arrival was similar among cardiac arrest patients across volume tertiles, except for higher rates of ticagrelor and P2Y12 and lower rates of beta-blocker use in the high-volume tertile (Table S3 ).
| In-hospital outcomes and mortality
Patients with cardiac arrest were more likely to experience adverse in-hospital events compared to those without cardiac arrest (Table 3) .
In-hospital mortality in cardiac arrest patients was substantially higher than non-cardiac arrest patients: 31% vs 3.3%. Unadjusted in-hospital mortality for all MI patients (including those with and without cardiac arrest) was significantly lower in the lowest tertile (3.8%) when compared to the middle (4.6%) and high hospital tertile (4.7%)(P < 0.001);
however, after adjustment for patient case mix the difference was no longer significantly different (OR = 0.93; 95% CI = 0.83, 1.05 for low compared with high tertile and OR = 1.02; 95% CI = 0.90, 1.16 for middle compared with high tertile).
| DISCUSSION
We found that the overall proportion of contemporary MI patients surviving to hospital admission who had cardiac arrest was low, accounting for <4% of all MI patients. After adjustment using a model that included patient-level variables and hospital characteristics, overall MI in-hospital mortality did not differ significantly between hospitals that had low, intermediate, and high proportions of cardiac arrest MI patients.
We found that increasing hospital proportions of MI patients who had cardiac arrest did not affect overall in-hospital risk-adjusted mortality. There are number of potential reasons for our findings. 
FIGURE 1
Distribution of the hospital proportion of patients with myocardial infarction with cardiac arrest across hospitals with cardiac arrest who were considered appropriate candidates, more than 94% underwent primary PCI, and door to balloon times were similar in the low medium and high tertile (Tables S2 and S3 ). The NSTEMI patients also had high rates of coronary angiography, with many undergoing revascularization. Third, guideline recommended medical treatment within the first 24 hours of hospitalization was generally similar across tertiles.
| Implications
The ACC 15 One concern is that care for cardiac arrest patients at specialized centers will adversely affect their reported mortality. 6, 24, 25 For example, Peberdy et al 6 attempted to estimate how increasing numbers of cardiac arrest patients with STEMI would affect hospital mortality.
Using estimates of 100 STEMI patients a year, a 5% in-hospital mortality for non-cardiac arrest and a 50% for cardiac arrest patients, they
calculated that an additional 10 STEMI cardiac arrest patients would almost double mortality from 5% to 9.1%. However, there was no risk adjustment. In contrast, our data indicate that risk standardized mortality for hospitals was similar regardless of the proportion of cardiac arrest patients admitted, suggesting that hospitals participating in regional systems of STEMI care are unlikely to be adversely penalized.
This is important concept given that early reperfusion therapy is considered a Class I indication, 15 and is now considered an MI performance measure. 26 Our data are consistent with other studies indicating that risk adjustment appears adequate in most cases, as exclusion of patients with cardiac arrest 27, 28 or cardiogenic shock, another high-risk group 29 did not significantly change reported mortality. Because data used for our study are self-reported by hospitals, there is a potential for data error. However, registry data collection utilizes consistent and frequent data quality algorithms that require predetermined levels of completeness and consistency before submission. Sites are provided reports to spur iterative data quality improvement, and annual audits are conducted in randomly selected hospitals, with a high degree of agreement. 11 Although the mortality model that we used did not include cardiac arrest, the risk is partially accounted for by the high proportion of cardiogenic shock in cardiac arrest patients. 1 We did not have information on the frequency of therapeutic hypothermia use, the initial rhythm, total arrest time or pre-hospital treatments in cardiac arrest patients, or the volume of non-MI cardiac arrest patients. We had limited hospital characteristics other than the ones included in our report; thus, were unable to further characterize hospital infrastructure, resources, and staffing. The ACTION Registry does not capture post-discharge outcomes; therefore, we could not study long-term mortality rates. Additional studies comparing mortality models that use clinical and administrative data in high risk patient populations may be useful.
| LIMITATIONS

| CONCLUSIONS
After adjustment, in-hospital mortality among all MI patients did not differ significantly between hospitals that had increaed proportions of cardiac arrest MI patients. Our data indicate that for most hospitals, overall adjusted MI mortality is unlikely to be adversely affected by treating cardiac arrest patients with MI. This analysis supports efforts to develop regional, high-volume cardiac arrest centers.
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